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Abstract of Thesis entitled
An Investigation of the Colluvium Morphology in Hong Kong
Submitted by LO Chuk-ching
for the Degree of Master of Philosophy
at the Chinese University of Hong Kong in June 1985
The external appearance and internal structure of colluvium were
studied in this research. The study area covers the central and western
part of the New Territories, as well as the northern part of the Lantau
It has been found that most of the colluvium in the study area
are volcanic in nature, but the regions covered by sedimentary and meta-
sedimentary rocks have the highest density of colluvium. Most of the
colluvium in the study area have not experienced any erosion. They are
usually found at the foot of hillslopes. The slope angle of most of the
colluvium is quite gentle, usually between 5-15 degrees. If the size of
colluvium is small, its shape is sensitive to the changes in its average
height, slope and size, but for the colluvium with a large size, the
shape does not depend on any of these parameters. Usually, the backwalls
of these colluvium have certain diagnostic features. The characteristics
of colluvium are related with each other and are discussed in detail.
As for the internal structure of a colluvium, there exists a
common pattern of changes in thickness, distribution of particle size and
sequence of colour. The upper slope usually has thinner layers of
colluvial materials with a smaller particle size. The colours of colluvial
layers show a sequential change in the order of ages. From the drillhole
data of North Lantau Island, it has been found that relatively young
Island
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volcanic colluvium is usually yellowish brown in colour, while the older
ones are greyish brown in colour. The granitic and felspar porphoritic
colluvium show a different pattern in the change of colour: the older ones
are dark grey and purple and grey in colour, while the younger ones are
yellowish brown in colour.
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Uolluvium has been classified as one of the major types of
superficial deposits in Hong Kong (Allen and Stephen) 1971) and it
covers about 20% of the total area (Bennett, 1984). As a part of the
unconsolidated sedimentary layer on the earth's surface, colluvium has
its own characteristics including the internal structure, morphological
appearance and geomorphic process.
1. 1) Obiecti vpc
The objectives of this study are:
(1) to analyse the characteristics of the colluvium in the study
area,
(2) to link up the existing morphology and process of colluvium)
and
(3) to verify certain hypotheses concerning the relationships
between the characteristics of the colluvium. There are two
hypotheses in this study they are:
i/ that the external appearance of colluvium is correlated
with its topographical and geological conditions
ii/ that the internal structure of colluvium has a special
pattern of distrihui-i n
21 .2 Methodology
1 .2.1 Sources of Data
The information about the external appearance of colluvium is
measured from maps while information about: internal structure of
colluvium is obtained from the Site Investigation Report on North Lantau
which is prepared by the Public Works Department: of the Hong Kong
Government.
The data concerning the external appearance of colluvium in
this study can be divided into two groups. The first group is extracted
from the maps prepared by the Geotechnical Control Office (GCO) under
the program of Geotechnical Area Study (GAS program).These variables
include:
1) distribution and size of colluvium
2) slope angle
3) types of slope
4) types of erosion and
5) rock tvoes.
The size of colluvium is measured from the physical
constraints maps using a planimeter. The information about rock types
is extracted from the engineer maps, while the slope angle, types of
slopes and types of erosion are deduced from the terrain classification
maps. Among them, slope angles are measured from aerial photos along
the direction of the greatest declivity. Slope forms are the physical
appearance of the slope. Erosional types are determined by interpreting
the surface condition of the terrain from aerial photos, and they are
divided into the following categories according to the criteria cchf ri
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by GCO (GCO Report, 1983):
(1) No appreciable erosion
(2) Sheet erosion
If the surface vegetation is removed, the soil surface is
said to have sheet erosion.
(3) Rill erosion
This form of erosion is characterised by subparallel
lineations of drainage rivulets.
(4) Gully erosion
This form of erosion always leads to severe disruption of the
terrain surface.
(5) Instability
Places within this category show evidence of landslips, failures
and other instability. If the scale is small, a term general
instability is used, if the scale is large enough to be identified
in the aerial photo, the term well-defined landslip is used.
The second group of data in this research includes the
ollowing variables:
(1) average height of colluvium, which is obained by taking the
mean of the maximun and minimum elevations of colluvium
(2) relative height, which is the difference between the maximum
and minimum elevations of colluvium
(3) aspect of colluvium
(4) transported height, which is the highest altitude behind the
colluvium and
(5) transported distance, which is the distance from the top of
colluvium to the highest point behind the colluvium.
These variables are measured from a 1:20,000 (1970)
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topographic map produced by the Crown Lands and Survey Office, Public
Works Department of Hong Kong. The data regarding the general pattern
of the whole area are obtained from the Geotechnical Control Office.
1.2.2 Data Processing
The data obtained in this research were processed by the IBM
3031 computer at the Chinese University of Hong Kong. The SPSS
(Statistical Package for Social Sciences) developed by Nie et al. (1975)
has been used for statistical analyses, including descriptive
statistics, frequency distributions, cross-tabulations, chi-square
tests, correlation analyses and regression analyses. The SAS (Statistical
Analysis System) derived by Helwig et al. (1979) was used for cluster
analyses.
1.3 Limitations
Most of the colluvium in Hong Kong can be regarded as "old"
colluvium. Due to the long period of disturbance by all kinds of
physical processes, the correlation between the forming process and the
existing morphology of colluvium is weakened. Moreover, materials from
older colluvium are usually weathered and have a thick vegetation cover,
so that the observation of the internal structure in the field is
difficult and inconvenient.
Young colluvium usually has steep slope and loose materials,
therefore its texture is easily disturbed by human activities, or even
by the surveyor when he steps on the loose materials to take the data
5Due to the above difficulties, the data about the internal
attributes of colluvium used in this study are only restricted to those
places with drillhole information gathered by GCO.
1.4 Significance of the study
In Hong Kong, colluvium is a pr ominlent feature of the natural
landscape, representing an important stage in the sequential development
of slopes. From the standpoint of physical geography, a study of
colluvium is also worthwhile because such investigation gives a better
understanding on colluvium and also provide a basis for land utilization






Since the quantitative revolution in the field of Geography,
geomorphologists have changed their approaches from descriptive to
quantitative, and emphasis has been put on the examination of relations
between processes and forms. Chorley (1971) interpreted the geomorphic
landscapes using the systems approach. He defined a geomorphological system
as a structured set of objects or attributes, in which each component
is inter-correlated and operate together as a complex whole. According
to Chorley's definition, morphological system is a network of
structural relationships between the constituent parts of the system.
Cascading system is defined as the path followed by throughputs of
energy or mass. The process-responses system' is the combination of
the above two. This system demonstrates how the form is related to
process. With this understanding, this study intends to envisage
colluvium as an ivdividual morphological system, discussing their
forms and their processes as well as the relationships between these
attributes.
2.2 Definition of Colluvium
Fairbridge(1968) defined colluvium as the superficial mantle
of unconsolidated rock debris and soil on the earth's surface. It
consists of heterogeneous materials of any particle size, and is
transported by gravity, soil creep, sheet erosion, rainwash, mudflow and
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solifluction
According to the definition by Fairbridge, colluvium is
essentiallly a product of mass wasting and rain wash. It is reasonable
to believe that different types of processes will give rise to differen
Varnes (1958) classified the mass-movement according to types
of movement and types of material. Types of movement are classified
according to the rate of movement, while types of material are divided
into categories of consolidated bedrocks, soil and unconsolidated
materials. The summary is shown in Table 2.1.
2.3 Fabric of Colluvium
It can be easily observed that the newly developed colluvium
or the 'young' colluvium behave somewhat like a scree. Therefore,
modelling of scree can be used as a basis for analysis.
Statham (1973, 1976, 1977) has done some researches on scree
model. He found that the form and structure of scree slopes are
controlled by the movement of individual particles fallen down the
slope. The input energy can be equated with the work done on scree.
The energy is used in the following ways:
(1) transporting the input particles
(2) transporting the pre-existing particles, and
(3) overcoming friction.
The energy balance induces changes in slope form and fabric of
forms as well as different structures of colluvium.
8Table 2.1
Classification of Landslides
TYPE OF TYPE OF MATERIAL
MOVEMENT BEDROCK SOILS
FALLS rockfall soilfall
Rotational Planar Planar Rotational
SLIDES
few unit slum block glide block slumpblock glide




dry fragments sa nc mixedsil Imostly plastic
FLOW
rock fragments sand loess
flow run flow
rapid debris Slow
earth flow avalanche earthflow
sand silt debris mudf low
flow flow flowwet I
COMPLEX
combinations of materials or type of movement
Source: Varnes (1958)
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particles. As a result, the downslope distance travelled by the scree
particles is related to the falling height and the slope angle of plane
sliding friction. The sliding friction depends on the size and the
angularity of the particles: the larger the particles, the smaller will
be the plane sliding friction.
By using the micro-scale approach, Statham had pointed out
various charecteristics of how the scree particle moves. His model is
useful for the analysis of very newly formed and undisturbed colluvium.
However, in the case of Hong Kong, due to the fact that most of the
colluvium are in mature stage, his model is inapplicable.
2.4 Relations between Erosion and Colluvium
As time goes by, some of the rock fragments will be weathered
and transported to the lower slope, in which case the colluvium will
deviate in form and behavior from a scree.
Lai and Taylor (1983) have done various experiments on
different types of colluvium. One of the experiments was about erosion.
They found out that the resistance to erosion is high for older
colluvium, and low for younger ones.
Mucher and Ploey (1977), pinpointing at the texture changes of
loess under different slope angles and rainfall intensity, have done a
series of experiments. The results are summarized in Table 2.2.
Different erosional types of the backwall of a colluvium also
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Table 2.2
Erosional Types on Different Material
Types of Runoff Result
Deposits Packac Sortation of I differenciatio
particles I of minerals
laminatedPluvial (1) tight moderate moderate
After_ flow(2)
a. moderate laminated loose well well
discharge(3)
b. high not loose (6
discharge(4) laminated
Splash(5) not no s or_ tati I no dif f ex'entiatior
laminated
Source: Mucher and Ploey (19-)
Notes:
1. Pluvial means overland flow with raindrop impact
2. After.flow here implies the flow occurs in the field during
short period after rainfall has ceased.
3. The word moderate implies discharge is 0.81/min/dm and
suspended load is 20,000 mg/l.
4. This condition refers that discharge is 81/min/dm and
suspended load is 150,000 mg/i.
5. Splash is the material transported exclusively under
raindrop impact.
6. The item marked? meads there is no information.
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give some ideas of the properties of colluvium. Brink and Jungerius
(1982) found out that the presence of stony colluvium may induce gully
formation, because infiltration in colluvium is higher and provides less
chance for landflow and erosion by surface wash. Therefore, gully-
forming processes were activated by the superposition of permeable over
impermeable material.
Before we perform any research on colluvium, the first step is to
identify it in the field. 'Colluvium' is just a general term which may
include rock debris(i.e. scree), mixture of rock debris and soil, or
soil with various grain sizes. The colluvium can be formed by the
slipping of either the upper, decomposed rock zones, or older colluvium
and the moving downslope as slurry like debris flow. It may also lie
upon fresh rock, decomposed rock or older colluvium (Huntley Randall,
1981). So, it is difficult to tell which is colluvium and which is not
at the first glance. Moreover, if part of the colluvium is covered by
vegetation, chunam, or has been removed, it is even more difficult to
make the distinction.
Huntley and Randall(1981) had made suggestions on how to
recognize a colluvium in the field. They believe that most of the
colluvium in Hong Kong can be identified by the presence of rock
fragments different from the local bedrock and the size and shape of
the boulders or cobbles may be the first indicators. However, the
identification may be difficult if the colluvium lies upon rock which is
similar to the source material. In this case, more detailed examination
is needed.
According to Huntley and Randall, the heterogenity of the size
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and shape of boulders may be the first indicators. Discontinuities of
rock types, joints, and textures are also important in the process of
identification. Discontinuity of joints means discontinuity of either
joint direction or joint spacing. Relict joints are usually difficult to
be recognized if the bedrocks are highly decomposed. In this case,
quartz veins can be an alternative index for identification, because the
disrupted veins can also give hints to the presence of colluvium.
Huntley and Randall also claimed that particle fabric of
colluvium is another distinct character for identification. The core
stone of the in-situ weathered rocks usually has similar size, shape and
distribution, while colluvium does not. The alignments of the platy
fragments are only occasionally parallel to the base, while the in-situ
rocks always do. The mineral content of colluvium may be different from
the bedrocks while that of residual soil always shows uniformity. There
are some other distinct features of colluvium mentioned in Huntley and
Randall's paper, such as the special shape of colluvium deposits
(usually in the shape of lobes, lenses, or fans). All these criteria of
identification are listed in Table 2.3.
Indirectly, Huntley and Randall suggested some basic and
distinct characteristics of colluvium. However, they did not suggest a
quantitative method in measuring relations between forms and processes.
2.5 Previous Classifications of Colluvium
As we can see, colluvium may look very different in appearance,




Feature Residual Colluvium Weatherer Fill
Soil Colluviun
ROCK TYPE OF BOULDERS AND COBBLE
a. foreign, but present uphill
b. totally foreign or man made
(brick, etc.)
RELICT STRUCTURE
a. joints and veins in boulders
b. joints and veins persistent
through matrix
c. remnants of disrupted veins
d. layering
very rare very rare
MACROFABRIC
a. uniform












at contacts with other soils
GEOMORPHOLOGY
a. fan, lobe, etc.
b. anomalous topograph
Source: Huntley and Randall (1981
14
purpose of classification is to make the resultant groups to have high
similarity within the group members, but low similarity between
different groups.
Huntley and Randall (1981) suggested some ways to distinguish
the fresh and weathered colluvium. In their opinion, colluvium can be
divided into two groups according to the degree of weathering.
Berry (1957) has written an article on superfical deposits in
Hong Kong. He classified the superficial deposits into three
categories. The first category, weathering residue denotes the
weathered debris, which is formerly broken rock fragments accumulating
in-situ, and under favorable circumstances, a mantle is formed. Since
this type of deposits is in-situ, it is excluded in this research.
The second type Berry described is water-transported deposits.
The weathered rocks are less resistant so that they are easily removed
by erosion. These materials were transported to lower hills during
storms of heavy rains. This kind of deposits is transported mainly by
water, and therefore can be termed as alluvium, which is also
excluded in this research.
The last type is fans and landslide deposits, resulting from
an individual landslide producing a fan-shaped ash on the hill. with a
cone or fan shaped pile of material below. When a series of landslides
take place, much unsorted debris will accumulate and become another type
of colluvium.
Berry gave some preliminary ideas of classification of
superficial deposit, and put colluvium into the third category. In
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fact, he did not make any classification on colluvium. However, he
suggested the idea of classification according to process.
Lai and Taylor (1983) offered another scheme for the
clsssification of colluvium. They divided the colluvium into three
classes according to the appearance and properties of the material found
in the colluvium. Each of the above classes are further divided into
three subgroups, according to the rock types from which they are derived.
The subgroups were, namely, granitic-, volcanic- and metamorphic-rock
derived colluvium. Each subgroup is expected to have different
appearance as listed in Table 2.4.
According to the above classification, class one is the oldest
colluvium, class two is younger, and class three is the youngest. Their
ages are determined by the drillhole data, the pattern of overlying,
and the patina thickness of the boulders (Lai and Taylor, 1983).
2.6 Relationship between Terrain and Colluvium
The distribution pattern of colluvium is believed to be
meaningful in the aspect of geomorphology. Altitude, which can be
interpreted as vertical distribution, can reflect some indications of
its origin.
Hansen (in press) has proposed a landfor_m model for Hong Kong
He divided the landform into three groups, namely, the relict landforms
on uplands, the upper landform assemblage and the lower landform
assemblage. The relict landform which Hansen referred to is the
16
Table 2.4
Classification of Colluvium in Hong Kong
Epoch Classes of Rock Type
colluviumage in years
Holocene Class 3: G3 Granite




Late Class 2: G2 Granite
Pleistocene
Firm to stiff
reddish brownQ3 V2 Volcanic rocks
or orange-red
12,000- colluvium
128,000 M2 Metamorphic rocks
Middle or Class 1: G1 Granite
Early
Pleistocene Stiff to very V1 Volcanic rocks
Stiff,Q2 or Q3
mottled red, M1 Metamorphic rocks
128,000- brown and white
700,000 colluvium
Source: Lai Taylor (1983)
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crest. Below the crest, there always appears the convex ridge, on which
small scree may be produced by rockfalls. At the lower part of the
upper landform, Hansen had expected to find a concave depositional slope
where alluvial fan or colluvium could be found.
Due to the process of rejuvenation, the lower landform
assemblage is believed to be relatively unstable, and with a large down-
cutting rate. Therefore, the two sides of streams would become
oversteepened and many landslides are found in this range of altitude.
In addition, near the sea coast, scree may also be found due to the
presence of rockfall from the cliff.
Hansen's model is derived from only two lithological groups
(namely, granites and volcanics), and the study area is only 1,000
square kilometers. Though one may be critical on Hansen's study in the
small size of the study area, his model is applicable in most areas of
Hong Kong. Hansen hints that older colluvium is usually found near low
landform assemblage, while the scree may be found both in upper landform




GENERAL DESCRIPTION OF THE STUDY AREA
3.1 The Region of Investigation
This study covers all parts of Hong Kong except Kowloon
Peninsula, Hong Kong Island, South Lantau, Sai Kung Peninsula and Sha
Tau Kok Peninsula (Figure 3.1).
Kowloon Peninsula and Hong Kong Island are excluded in this
research because most of these areas are urbanized and the topographic
features have been largely altered. South Lantau, Sai Kung Peninsula,
and Sha Tau Kok Peninsula were excluded because of the lack of detailed
data about their geology and terrain features. Nevertheless, the
research is representative because most of the lithology and topography
in Hong Kong can be found in the study area.
Rocks in Hong Kong can be crudely classified into four
categories, namely, intrusive igneous rocks, extrusive volcanic rocks,
sedimentary rocks'and metamorphic rocks.
Intrusive igneous rocks include all kinds of granites (Cheung
Chau Granite, Needle Hill Granite, Sung Kong Granite, and Hong Kong
Granite), Tai Po Granodiorite, as well as Feldspar Porphyry (Allen$
Stephen). All of them are dominant in the study area (Peng, 1983). As
shown in Figure 3.2, intrusive igneous rocks cover 33.6% of the study
area.
Volcanic rocks, which include Acid Lava, Pyroclastic Rock,
19
Figure 3.1 Location of the study area
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Source: Allen Stephens, 1971Figure 3.2 Geology of the study area
Metamorphised Sedimentary
Coarse Tuff, Banded Lava and Welded Tuff, are the second largest rock
type. They cover 33.3% of the study area, and the coverage is sligtly
lower than that of intrusive igneous rocks.
There are also widespread Sedimentary Rocks, which include
Repulse Bay Formation (water-laid volcaniclastic rocks), Port Island
Formation (conglomerate and sandstone), and the Tai 0 Formation
(sandstone, siltstone and shale). The total coverage is 6.3% of the
study area.
Lok Ma Chau Formation is the only typical metamorphic rock in
the study area. The coverage of this type of rock is 3.2% in the
study area.
3.2 Geological Setting
Most of the volcanic rocks are located in the Northern and
central parts of the New Territories. The extension is from Kam Tin
Shek Kong Valley Pak Tai To Yan and
northward to Fanling Golf Course The central anc
western narts of Lantau Island are also covered by volcanic rocks.
Places covered by volcanic rocks are usually more resistant,
and therefore, most of the mountains in Hong Kong are made up of
volcanic rocks. The highest mountain, Tai Mo Shan and the
second highest one, Lantau Peak are typical examples.
Granite is found mostly in the western part of the New
Territories end in the esstern pert of Lenten Islend. 30.9 -6 of the
granitic rocks in the study area are Cheuna Chau Granite. The extendi or
of Cheung Chau Granite is from the west of Tuen Mu: to Castle
Peak I, and to Lung Kwu Tai up to Pak Nai
and part of Lau Fau Shar Places near Tung Chung
and Sha Lo Wan are also covered by granite
Granodiorite is ail intrusive rook with larne or merlinm rrrain
size. The largest exposure of granodiorite extends from Tsing Lung Tau
through Shek Konc to the northern side of Tol f
Harbour (Peng, 1983).
Other areas covered bv aranitic rocks include Sham Chena
i, Tai Lam , from Kowloon Peninsula to Shatin, as well
as the Northeastern part of Lantau Island. All these areas are usually
lower in altitude than those of volcanic rocks.
Port Tsland Formation sedimentarv rooks are found at Pat Sir
Range near Plover Cove. Another type of sedimentary rocks
that of Repulse Bay Formation, is sparsely distributed and is mostly
found in places near the Chinese University of Hong Kong and Tai Po
Tai 0 Formation rocks are another typical type of sedimentary
rocks. The distribution of this type of rock is concentrated in Lantav
Island, especially near Tai 0 and Sha Lo Wan
The metamorphic process of the Lok Ma Chau Formation rocks
belongs to regional metamorphism. Therefore, the area of coverage is
larger, when compared with other contact metamorphic rocks. The coverage
area includes Sheung Shui Lo Wu and some parts of
Yuen Long Plain. Places covered by Lok Ma Chau Formation metamorphic
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rocks are usually lowlands or low hills. The highest hill covered by
this type of rock is Tai Shek Mo ( 大 石 磨 ） 。
which is 185 meters in
elevation.
Choronologically, the oldest rock in the study area is the
shale of Tai 0 Formation. Peng (1983) believed that it may be of
Permian age. Most of the rocks in Hong Kong were formed during the
Jurassic period. For instance, all the Repulse Bay Formation rocks were
formed during middle to lower Jurassic, while all the granites are
formed in upper Jurassic. On the other hand, Sedimentary rocks of Port
Island and Ping Chau are formed during Upper Cretaceous.
The age of Lok Ma Chau Formation metamorphosed sedimentary
rocks is still a controversy. Allen and Stephen (1971) suggested that
it should be placed in the Jurassic System, while Lai (1977) believed




SOURCE MATERIAL OF COLLUVIUM
Terrain slope and the nature of the material are important:
factors affecting the mass wasting as well as rain wash process. As
Bennett (1984) has mentioned, 'the mass wasting deposit: (colluvium) is
controlled by topography, but influenced by geology. This chapter
discusses the relationship between geology and the presence of
colluvium.
4.1 Nature of Colluvium
According to the measurement by the Geotechnic Control Office,
about 20% of the total area in this study is covered by colluvium
(Bennett, 1984).The colluvium is divided into volcanic-, granitic-,
metasedimentary- and mixed colluvium. Volcanic colluvium and
granitic colluvium refer to those derived from volcanic and granitic
rocks respectively. Usually, it is determined by identifying the rock
types from the debris. Most of the metasedimentar_y colluvium in this
study area are Lok Ma Chau Formation rocks. The mixed colluvium is
the colluvium which has more than one type of rocks found in the debris.
The reason for the occurrence of such colluvium is due to mass-wasting
processes which have occurred more than once, thus, residuals were
deposited at the same location, forming this mixed type of colluvium.
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4.2 Relationship between derived rock types and density of colluvium
As shown in Figure 4.1, most of the colluvium are derived from
volcanic rocks. This phenomenon may not have particular significance as
it is only due to the large coverage of volcanic rocks in the study
area. So, in Table 4.1, the density of these colluvium in different
rock types are calculated. The last column shows the ratio of the total
area of each type of rock to the total area of colluvium derived from
that particular type of rock. Rocks with total area smaller than 2
square kilometers are excluded because it is not representative enough
for that type of rock. If the remaining groups are divided into:
(1) sedimentary and metasedimentary group
(2) volcanic group and
(3) granite group
As shown in Table 4.1, the density of sedimentary and
metasedimentary group has the highest value, while granitic group
stands at the lowest position.
In order to have a more convincing argument, the results from
Table 4.1 are further tested by analysing the variance between and
within the groups. This analysis is done by using the computer package
called Statistical Packages for Social Science, and the subprogram
used is analysis of variance (ANOVA).
The purpose of the ANOVA test is to find out whether the
mean of each group is really different from one another, or whether the
difference is by chance.
Results of the ANOVA test on the three groups of derived
rocks are shown in Table 4.2. It is noticed that the significance level
26











Source: Personal communication with GCO
Table 4.1 Area and Frequency of Colluvium in Different
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Result of "ANOVA" Test on Derived Rocks
and Density of Colluvium
Source of Variation
Freedom
explained 5299.421 2 2649.7
residual 6205.143 9 689.5
total 11504.564 11 1045.9
Grand Mean= 31.89
Multiple R square= 0.5
Multiple R





(p) of F-ratio is 0.062, meaning that there is a 6.2% of chance of
being wrong if we believe that these three groups of rocks are
statistically different in the density of colluvium. By considering the
mean density of each group of derived rocks, it is quite safe to say
that the granitic group has the lowest density of colluvium, the
volcanic group have the second lowest, and the sedimentary and
metasedimentary rocks have the highest density among the three.
The relationship between derived rock types and density can be
reflected by the multiple R square. The value of multiple R square
in this case is 0.5, indicating that 50 percent of the variation in
density is explained by the groups of derived rocks.
These results give further proof to the idea that sedimentary
and meta-sedimentary rocks in Hong Kong have higher chance of forming
colluvium. The possible reason for this phenomenon is that sedimentary
and meta-sedimentary rocks and their regoliths are usually weaker,
looser, structurally vulnerable and less resistant which results in
lower cohesion force of the material and therefore the probability of
forming colluvium is higher
4.3 Relation between rock types and size of colluvium
Judging from the results presented in the previous section,
the relationship between rock type and density of colluvium is obvious.
However, it is also found out that there is no obvious correlation
between type of rocks and size of individual colluvium.
The above finding results from a statistical treatment of more
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than 1,000 cases. Derived materials are divided into three groups as
mentioned before. As shown in Table 4.3, the chi-square is 35.24, and the
significance is 0.0001, meaning that there is 0.01% of chance of being
wrong if we believe that these two variables are correlated.
However, the chi-square test can only tell whether the
variables are related or not, but not the strength of correlation (SPSS
Institute, 1983).
The statistic Lambda can help in overcoming this problem.
Lambda is called proportional reduction in error. It is a measure
of the percentage of improvement in our ability to predict the value of
the dependent variable once we know the value of the independent
variable (SPSS Institute, 1983).
Referring to Table 4.3, the value of Lambda is quite small
(Lambda= 0.0338), meaning that the knowledge of the size of a
particular colluvium increases the the predictive ability by the
proportion of 3.38%, when compared with no information. This small
percentage reflects that the degree of association between these two
variables is small.
One may argue that, the size of colluvium mainly depends on the
topography and therefore gentler slope can retain more deposits and the
size of colluvium is also larger. In order to control the influence by
slope, separate Lambda is found for each class of slope. As shown in
Table 4.4, the values of Lambda improved for the second group (slope
angle= 5-15 degrees) and the fourth group (slope angle= 30 degrees or
above). However, the value is still too small for one to believe that
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Table 4.3
Results of Chi-square Test on Derived
Rocks and Size of Colluvium
No. o f
Cases Area of Colluvium (km2)
Types of






155422 123840 39and meta-
sedimentary
rocks
1445150285 1 ,065299Column Total
Chi-square= 35.24064




Degree of Association Between Rock Type and Size of Colluvium
Slope Value of Lambda
1. without considerii 0.03 38
factor of slope
2. 0-5 degrees 0.0289
3. 5-15 degrees 0.1277
4. 15-30 degrees 0.0073
5. 30 degrees 0.0563
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derivative rock is correlated with size, even when the factor of slope
is taken into consideration.
The phenomenon that rock types are uncorrelated with size is
reasonable. All types of rocks can produce large and small colluvium,
though there may be a difference in frequency and density. In fact, the
essential factors affecting the size of colluvium should include
topographical structure, magnitude of shear stress, the number of mass
movement, as well as the intensity of removal forces. These factors




EXTERNAL ATTRIBUTES OF COLLUVIUM
This chapter discusses the basic characteristics which
represent the external appearance and morphology of the colluvium in the
study area.
5.1 General Pattern of Erosion in the Study Area
For the sake of making comparisons between different types of
colluvium, it would be meaningful to divide them into groups according
to their general pattern of erosion. But first of all, it is necessary
to have a brief idea of the erosion pattern in Hong Kong.
Hong Kong is situated in the subtropical region, and the
climate is governed by the monsoons (Chin, 1983). The warm and humid
climate favours the growth of vegetation. As shown in Figure 5.1, most
areas have no appreciable erosion because they are protected by
vegetation cover.
Another notable feature of Hong Kong is the general
instability of the slope. General instability refers to the terrain
where many failures and other evidence of instability occur (GCO,1983).
In order to see whether the erosion pattern of colluvium in the
study area is different from that of the whole area, a one-sample Chi-
square test was performed. The percentages of erosional types in the
Thole area are used as the expected frequencies, and the percentages of
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36
erosional types in colluvium are used as the observed frequencies. Table
5.1 shows that the cumulated standardized difference is 80.88, which is
much greater than the value found in a Chi-square table, that is, 15.15
(p= 0.05, degree of freedom= 8), meaning that the pattern of erosion
experienced by colluvium is different from that experienced by the whole
study area.
Table 5.1 also shows that over three-quarters of the colluvium
are experiencing no appreciable erosion. Apart from the climatic
reasons, there are three possible factors causing this high percentage.
Firstly, the colluvium is usually silty and sandy in nature (GAS
Report, in press), therefore vegetation can be grown on the surface.
Secondly, the gentle slope (less than 30 degrees) of the colluvium is a
favourable factor for vegetation to grow because water and soil can be
retained. Thirdly, a lot of the colluvium can be regarded as old or mature
colluvium which was formed hundreds or thousands of years ago.
5.2 Erosional Pattern of Backwalls
The forming processes of colluvium can be reflected by
erosional type of its backwalls. If a colluvium has a backwall that
have relict landslip scars, that particular colluvium can be regarded as
an old colluvium, but if the backwalls of the colluvium has recent
landslip scars, a young colluvium is assumed. If the backwall of a
colluvium shows envidence of large scale instability, the colluvium may
be formed in large scale landslip, or as termed by Bennett (1984):
formed by substantial transportation. On the other hand, if the backwall
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Table 5.1
Erosional Pattern of the Colluvium
I Type of Erosioi Expected Observed Ei-Oi
Frequencies(Ei) Frequencies(Oi Ei
No appreciated 39.09 76.160 35.15
erosion
Sheet erosion 11.58 16.160 1 .73
(minor)
Sheet erosion 8.85 0.036 8.77
(severe)
Rill erosion 0.53 0.008 0.53
(minor)
Rill erosion 0.56 0.56
(severe)
Gully erosion 9.39 3.16 4.13
(minor)
Gully erosion 5.45 5.45
(severe)
Well-defined 1.57 0.09 1.57
landslip
General 23.00 0.01 22.98
instability
nn nn100.00Total 80.88
Chi-square (p= 0.05)= 15.51
Degree of freedom= 8
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of a colluvium is stable, the colluvium may be assumed to be formed by
slightly transported debris. The theme of this section is to find out
the differences between these groups of colluvium.
The backwall of a colluvium is hard to identify. One may use
an accurate method by observing it from aerial photos. However, the
author chooses a less accurate but faster method by examining it from
topographic maps. The backwall is assumed to be the steepest slope
immediately above the colluvium in the same aspect.
In order to test whether the backwall of the colluvium is
more unstable compared with that of other areas, a one-sample Chi-square
test was performed. The percentages of erosional type in the whole area
are used as the expected frequencies, and the erosion percentages of
the backwalls are used as observed frequencies. As shown in Table 5.2,
the value of cumulative standardized difference is 41.11, which is great
enough to show that these two distributions are statistically different
at a significance level of 0.05.
In order to compare colluvium with different backwall erosion,
erosions are regrouped into four classes. There are two criteria of
grouping: according to the scale of instability, and according to the
relative age of formation. Both of them will be used in the following
analyses.
If the first criterion (grouped according to scale of instability
is used, erosion can be classified into four groups:
(1) Group 1-- no appreciable erosion
(2) Group 2-- general erosion
39
Table 5.2
Erosional Pattern of the Backwall
Type of Erosion Expected Observed (Ei-Oi)'
frequency(Ei) frequency(Oi)
No appreciable 39.09 43.68 5.44
erosion
Sheet erosion 11.58 14.35 0.67
(minor)
Sheet erosion 8.85 5.93 0.96
(severe)
Rill erosion 0.53 0.00 0.53
(minor)
Rill erosion 0.56 0.33 0.52
(severe)
Gully erosion 9.39 3.14 4.16
(minor)
Gully erosion 5.45 0.05 5.35
(severe)
Well-defined 1.57 7.61 23.32
landslip
General 23.00 24.90 0.14
instability
Total 00.00 100.00 11.11
Chi-square (p=0.05)= 15.15
Degree of freedom= 8
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The backwall of colluvium in this group shows sheet erosion, rill
erosion, or gully erosion when observed in the 1:8,000 aerial
photo
(3) Group 3-- large scale instability
Larger scale of landslip scars or debris can be observed from
the 1:8,000 aerial photo behind the colluvium
(4) Group 4-- small scale instability
Small scale of landslip scars or debris can be observed from
the 1:8,000 aerial photo behind the colluvium.
If erosion is grouped according to the relative age of
formation, again four groups can be classified. The first two groups
are the same as the groups mentioned above (that is, no appreciable
erosion and general erosion), the third and fourth groups are defined
as follows:
(3) Group 3-- recent instability
Symptoms of recent instability or failure can be observed
behind the colluvium.
(4) Group 4-- relict instability
Symptoms of relict instability or failure can be observed
behind the colluvium.
To put the discussion of the characteristics formed by different
erosional types in a proper perspective, a one-way ANOVA test was
performed between the four groups of colluvium. As shown in Table 5.3,
p- values of all the variables are smaller than 5% except the variables
shape, transported distance and average height. For this reason,
these three variables will be further examined in later sections.
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Table 5.3
Significance Level of Backwall Erosion with Different Variables
Variables p- value p- value








Average height 9.10% 8.37%
Relative height 0.00% 0.00%
Slope 0.00% 0.00%
Types of rocks 0.01% 0.04%
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Figures 5.2 to 5.11 show the general characteristics of
different groups of colluvium. Figures 5.2 and 5.3 show the size of
colluvium under each type of backwall erosion. If erosion is classified
according to scale of instability, colluvium having backwall of large
scale instability is larger in size, and colluvium having that of
general erosion is small in size. If the second method of grouping
(according to relative age) is used, backwalls having relict
instability is larger in size. It is obvious that the size of the
colluvium is related to the scale of instability. Large scale of
landslips produces more debris, therefore the colluvium formed under it
is usually larger in size. Colluvium with relict unstable backwalls are
larger in size because throughout the long period of time, the
unconsolidated materials are carried down the slope and spread out. As
a result, their sizes become larger.
Figures 5.4 and 5.5 show the value of average height of
colluvium for different erosional groups. Most of the colluvium are
found at the altitude of 100 to 200 meters. Colluvium with large scale
landslip scars (Figure 5.4), and those with relict instability scars
behind (Figure 5.5) are situated at higher altitude (151 meters in
average), and the general erosion group are situated at a relatively
low altitude (118 meters in average). This result is reasonable because
the foot of the slopes is usually more stable than the part of the
slopes at higher altitudes.
Figures 5.6 and 5.7 show that the large scale instability
and relict instability groups have the highest transported height.
This suggests that the erosional pattern of backwalls of these
groups are usually related to slopes at higher elevations.
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Figure 5.2 Size of colluvium in different erosional types of backwall
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Figure 5. 3 Size of colluvium in different erosional types of backwal:
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Figure 5.4 Altitude of colluvium in different erosional types of
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Figure 5.5 Altitude of colluvium in different erosional types of
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Figure 5.6 Transported height of colluvium in different erosional
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Figure 5.7 Transported height of colluvium in different erosional
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Figure 5.8 shows the proportion of rock types in each
erosional type of backwalls grouped according to relative age. In the
study area, 29.2% of colluvium are granitic colluvium, 56.7% are
volcanic colluvium and 14.2% are sedimentary and meta-sedimentary
colluvium. These percentages are used as total proportion.
If colluvium having backwalls of relict instability erosion
type was selected, 73.1% of them are volcanic colluvium, which is
higher than the total proportion mentioned above. If the recent
instability group was selected, 64.4% of them are volcanic colluvium,
which is also higher. than the total proportion. These results imply
that colluvium having unstable backwalls (both relict or recent) are
usually volcanic in nature. If the erosion of backwalls are grouped
according to scale of instability (Figure 5.9), both of the backwalls
having large and small scale instability have higher percentages (63.8%
and 78.1% respectively) of volcanic colluvium, which are again higher
than the total proportion.
There is one possible reason to explain the above findings.
The joints in the volcanic rocks are usually denser, and therefore more
unstable. consequently, areas of volcanic rocks are associated with
more landslips (Chin,1983). Moreover, it may be due to the reason that
volcanic rocks often occupy the higher and mountainous parts of the
study area where the steepest terrains are found and are therefore more
susceptible to mass wasting.
Relative height is another variable which has significant
differences among various groups of backwall erosion. Figure 5.10
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Figure 5.8 Rock types in different erosional types of backwall
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Figure 5. 9 Rock types in different erosional types of backwall
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shows the relative height for each group of backwall (grouped according
to relative age). The average relative height of colluvium in the study
area is 46.8 meters. The colluvium having relict and recent
unstable backwalls have average relative heights of 62.3 meters and 49.0
meters respectively (Figure 5.10), which are also higher than the average.
If the erosional types of backwall are grouped according to a
scale of instability, the large and small scale unstable backwalls have
higher relative height of 62.0 meters and 52.9 meters respectively
(Figure 5.11).
The above findings indicate that colluvium having a higher
value of relative height usually has unstable backwalls. This is
consistent with the result by using slope as a variable instead of
relative height. Figure 5.12 shows the distribution of slopes with
different erosional groups of backwall which are grouped according to
the relative age. Both old and new unstable backwalls show a high
percentage (higher than the average) for slopes of 15-30 degrees. For
slopes of 30-40 degrees, the relict unstable backwalls have a percentage
which is higher than the average. Therefore, the relative height of
colluvium in this group is larger in value. If the erosion of backwalls
is grouped according to their scale, the group with large scale landslip
scars has a higher percentage both for slopes of 15-30 degrees and those
of 30-40 degrees (Figure 5.13), so it has the highest value of
relative height.
5.3 Slope Angles
Table 5.4 shows the slope angles of colluvium in the study
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Figure 5.10 Relative height of colluvium in different erosional types
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Figure 5.11 Relative height of colluvium in different erosional types
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Figure 5.12 Slope of colluvium in different erosional types of backwall
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Figure 5.13 Slope of colluvium in different erosional types of backwall
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area. It indicates that only 26. 52% of the cases have a slope angle of
15-30 degrees. Moreover, more than 65% of the colluvium have a slope
angle of less than 15 degrees. Such finding is somewhat different from
those of other colluvium studies. For instance, Statham (1976) shows
that the residuals from mass-wasting will deposit at an repose angle of
15-30 degrees. The finding of a relative small angle may be accounted
for by the mature development of the colluvium. Morover, after the
deposition of the mass-wasting residuals accompained by rain-wash and
storm wash, the soil may be carried away, leaving a concave but
relatively gentle slope behind. Table 5.5 shows the forms of slopes in
colluvium, where over 70% cases of colluvium are concave and at
footslope.
Slope angle of colluvium is usually correlated with relative
height. The positive Spearman correlation coefficient (0.5815) shows
that the large slope angle of colluvium is associated with greater
relative height.
Figure 5.14 shows that colluvium of low altitude is usually
gentler in slope. This is an obvious fact, because slope angles are
generally gentler in lowlands. This reason can also be applied to
explain the findings shown in Figure 5.15. It has been shown that
volcanic colluvium usually has steeper slopes, and sedimentary and
metasedimentary colluviums are usually gentler. As mentioned in Section
5.2, volcanic rocks often occupy the higher and mountainous parts of the
study area, while sedimentary and metasedimentary rocks are usually
found at lowlands. As mentioned above, lowlands always have a small
slope angle while highlands have steeper ones, therefore, volcanic
colluvium is the steepest among the three.
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Table 5.5
Slope Forms of Colluvium









35.678 1100.00 1 1,231 1 100.00Total
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Figure 5.14 Altitude of colluvium in different groups of slope angle
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5.4 Shape of Colluvium
To stuay Lne appearance e.t cuiiuvluui,its size, breadth and
length (distance measured normal and parallel to the cliff respectively)
should be considered. As mentioned by Barto et. al. (1982), these
variables are related to one or more of several geological factors.
The ratio of breadth to length can be denoted as shape ratio.
If the value of shape ratio is very small, it means that the colluvium
is very wide with a short distance of accumulation. If the value of
shape ratio is very large, it means that the colluvium has an elongated
and narrow shape. If the value of shape ratio tends to one, it suggests
that the colluvium has a similar dimension in breadth and length.
Typical colluvium is in fan shape (Plate 5.1). However, most
of the older colluvium has been disturbed either by human activities or
by natural processes, such as river dissection, and hence the fan shape
may be disturbed.
In order to classify the size of colluvium, cluster analysis
is performed. According to the results shown in Table 5.5, the size of
colluvium is best divided into five groups. However, the number of
cases in the last two groups are so small that they have to be combined
into one. Finally, the colluvium is divided into four groups as shown
in Table 5.6. By using the cluster means and the maximum distance, the
boundary of each group is determined.
A stepwise multiple regression is performed for each group
separately. The ratio of breadth to length is used as the dependent
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Clustering of Size of Colluvium
Group Cluster S.D. with No. of L.B. U.B.
mean cluster cases (km2) (km2)
Small 0.0104 0.42 988 0.00 0.36
Medium Small 0.0578 0.86 195 0.36 1.00








variable and the independent variables are
(1) size
(2) slope angle





Table 5.7 summarizes the result of regression analaysis on
colluvium with different classes of size. The result shows that for the
groups of small size of colluvium, shape is sensitive to size, slope
angle, average height, and transported height (r=0.4606). The negative
correlation of size and shape (r=-0.285) means that its shape tends
to be elongated when the size is small.
However, in the cases of medium small and medium large
colluvium, shape is only sensitive to relative height. As shown in
Table 5.6, the correlation between shape and relative height is strong,
especially in the case of medium large colluvium. Other variables,
such as average height, slope and transported distance, seem to have no
statistical influence on shape.
The results of the above analaysis are quite reasonable.
Colluvium with larger size is usually found at lower altitudes and is
associated with gentler slopes, as mentioned in section 5.3. Both
disturbance by man or by rivers are serious in these areas. For the
above reasons, the shape of colluvium has no general pattern. On the
other hand, the colluvium of a smaller size is usually more sensitive to
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Table 5.7
Results of Regression Analysis on Different Size of Colluvium
Size of colluvium: 0.36 km2 or below





Shape= 0.4384X, -0.1050X2 -U. U503X3 +U. Ub2bX4
where X1= R. H. X2 =Size, X3 =Slope and X4= Average
Height
Size of colluvium: 0.36 km2 to 1.00 km2
Variable in Multiple R Beta Correlation
0.3941 0.3941 0.3941n. n.
Shape= 0.3941X,
where X,= R.H.
Size of colluvium: 1.00 km2 to 2.20 km'
Variable in Multiple -R Beta Correlation
R.H. 0.6452 0.6452 U.b45L
Shape= 0.6452
where X,= R.H.
Size of colluvium: 2.00 km or above




5.5 General Distribution Pattern of Colluvium
The morphology of colluvium is affected by many factors
including topographical, geological, and climatic ones. It is difficult
to identify the effect of each factor separately. Figure 5.16 shows the
distribution of colluvium in the study area. It can be generalized that
colluvium is usually found at the foot of hills and along the river
bank. Slope angles of most of the colluvium are in the range of 5-15
degrees. Colluvium in lower altitudes is usually sedimentary and
metasedimentary in nature, is usually gentler in slope and larger in
size.
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Figure 5.16 Distribution of colluvium in the study area
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INTERNAL ATTRIBUTES OF COLLUVIUN
Morphology is not confined to the surface, but includes the
thickness and composition of the regolith (Young, 1972). The external
attributes of colluvium have been discussed in the previous chapter.
The emphasis of this chapter is on the internal attributes of colluvium,
which include its thickness, grain size distribution and colour.
Due to the limited information, the study area in this
chapter is confined to the northern part of Lantau. The information of
the thickness and colour of colluvium are obtained from Land Site
Investigation Report prepared by Public Works Department of Hong Kong
(1Q7Q1
6.1 Thickness of Colluvium in Different Topographic Conditions
The report of Mid-level Study (Hong Kong Government, 1982)
noted that the colluvium preferentially filled pre-existing depressions
and valleys. Therefore, the disposition of mass-wasting materials is
mainly controlled by topography. Places with thick colluvium usually
imply a depression before the deposition (Bennett, 1984). Several
examples were taken from northern Lantau to show the above evidence.
Kwaad (1977) observed that the side slopes of the valleys havdthinner
colluvium, because its materials are so loose that they can be carried
away easily and accumulate in the central part of the valley.
Figure 6.1 shows the locations of drillholes. The first
transect is taken near Tung Chung Road along a river which is flowing
westward from Sunset Peak, where drillholes numberd 153 (D153) and D154
were studied in detail. Figure 6.2 is a cross section along these two
drillholes. D154 is nearer to the river channel and is lower in
elevation, therefore it has a thicker layer of colluvium. There are four
more similar cases with similar trends of thickness. They are
transects of (1) D72 to D70;
(2) D143, D155 to D1 45;
(3) D151 to D15 2 and
(4) D45, D42 to D41.
D72 and D70 are along the bank of a river near Tung Yip Hang
( 索 紊 Their thicknesses show a gradual change down the river
basin. D143, D155 and D145 are three sampling points taken near the
river which is flowing westward to Shek Mun Kap
( 不， ] 〒〉
at Tung Chunc
Road
( 采 放 ) They also show clearly a gradually thickening of
colluvium down the stream. The transect from D151 to D152 is very near
to the previous one. The change in the thickness of colluvium is also
similar. The transect from D45, D42 to D41 is taken from places near a
river flowinq to Tsinq Chau Chal and shows a similar trend of
change in the thickness of colluvium. The cross-sections of the above
transects are shown in Figure 6.2. It can be seen that all of them have
a thicker layer of colluvium down the stream, and a thinner one along
the upper stream.
The transect from D100, D100A to D103 has a somewhat different
distribution in thickness. There seems to have no relationship between
altitude and thickness of colluvium. These drillholes are taken from
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Figure 6.1 Locations of Adopted Drillholes
(Lantau Island)
Scale: 1cm to 1.93 km
Source: H.K. Public Works Department (1979)
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Hung Fa Ngar near Silver Mine Bay. which is on an undulatinc
highland. Because of its flatness, the thickness of colluvium does no1
follow the previously observed pattern. In other words, there is no
obvious relationship between thickness and altitude can be observed.
The transect joining D30, D33, D32 and D31 is another peculiar
case. It is taken from the same bank of a river which is at the north¬
eastern part of Lantau flowing into the Penny's Bay. The thicknesses ot
colluvium in D30, D33 and D32 are all three meters, but no colluvium is
found at the river mouth, that is, drillhole D31. There are three
possible reasons for this. The first reason is that originally, there
have been deposits of colluvium in D31, but due to the action of sea
drift, these unconsolidated materials have been removed. The second
possible reason is that the colluvium has been removed by man and the
site was then filled with other materials for the purpose of human
activities such as construction or reclamation. The third reason is
that the sample of colluvium taken from these three drillholes
represents three different types of colluvium and therefore they do not
show gradual changes. The third reason is the most probable one as it
can be further proven by examining the grain size distribution and soil
colour in the following section.
6.2 Distribution of Particle Size
Statham (1972) claimed that the sortation of particles was
controlled by two factors, namely, the dynamic angle of plane sliding
friction and the kinetic energy of the particle itself. By using
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Newton's Law of motion and the frictional equations, the dynamic anqle
of plane sliding friction can be calculated as follows:
=(h/x sin +1) tan
where h= height of fall of particles
x= distance travelled downslope by particles, and
= slope of sliding plane.
If the height of fall is constant, a low value of implies
a greater x. In other words, particles will travel for a greater
distance on a smoother surface. It should be noted that depends on
the roughness of the surface, as well as the size of the travelling
particles. For a surface with the same roughness, a larger particle
experiences a smaller friction, and therefore travel a longer distance.
In contrast, a smaller particle experiences a larger friction and will
travel in a shorter distance, or sometimes will even be trapped between
gaps of debris.
Another factor controlling the sortation of particle
size is the kinetic energy. Kinetic energy depends on mass and velocity
of the falling particles if the height of falling is constant.
Particles with a larger size have a higher kinetic energy and therefore
can travel for a longer distance. In short, Statham (1976) suggested
that larger particles tended to be deposited at the lower part of a
slope.
As Statham has stressed, the above arguement is "an over-
simplification of the real situation, in that particles motion is
assumed to be controlled by a simple frictional retardation". In fact,
there is another assumption that has not been mentioned, that is, the
force of transporting particles is assumed to be the gravitational force
only. In reality, the movement of colluvial particles is brought about
by gravitational force as well as hydrological force. This makes the
situation more complicated.
Cooke and Reeves (1972) found that the size of the particles
in colluvium decreases downslope. This result contradicts with those
found out by Statham, but it is reasonable because the distribution of
particles carried by storms is different and is just opposite to that of
the particles carried by gravity. In that case, larger particles will
be deposited at the upper part of the slope and smaller particles at the
lower part of the slope.
The transect from D125 to D124 is taken from a river bank near
Tai Pc Figure 6.3 shows the difference in particle size
distribution. The higher sampling point, D125, has a markedly larger
proportion of gravel and sand than the lower one, D124, indicating thai
the materials are transported by storms rather than by gravity.
Fiqure 6.4 shows the distribution of particle size in the
transect from D143. D155 to D145 along the river bank near Shek Mun Kap
( 石 鬥 甲 ) D143 is highest in altitude among the three sampling points,
therefore, the particle size there is larger then that of D155. D145 is
at the lowest part of the transect, and is expected to have the finest
grains. However, this sampling point is covered by boulders and so the
grain size distribution of the colluvium layer has been altered.
ThP samp trend of changes in particle distribution is shown by
the transect from D72 to D70, which is near Tung Yip Hang
As shown in Figure 6.5, the higher sampling point, D72 has larger
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Drillhole No. Altitude (m)
D70 42.5Source: H.K. Public Warks Department (1979)
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particle size than that of the lower sampling point, D70.
As mentioned in the previous section, the transect taken from
Hung Fa Ngan (D100, D100A and D103) does not show a gradual change in
thickness because it is not in a traverse of the same valley. For the
same reason, the distribution of particle size (shown in Figure 6.6) in
these sampling points does not show a regular pattern of particle
distribution.
From the above examples, it can be observed that colluvial
particles of a larger size are usually deposited at the upper slope,
while those of a smaller size are deposited at the lower slope.
6.3 Colour of the Colluvial Materials
Lai (1983) used the colour of residual materials to classify
the ages of colluvium. In the study area shown in Figure 6.1, there are
mainly three types of rocks. Felspar porphyry is dominant in the
northeastern part of the study area, volcanic rock is dominant in the
central and western part, and granitic rock is only found in the eastern
periphery.
For felspar porphyritic rocks, the colour of colluvial
materials is slightly different from that of granitic materials in mid-
level areas. The sequence of the colour of colluvium from several
driliholes is listed in Table 6.1. According to the law of
superposition, the upper layer is the younger one. It can therefore be
generalized that if the colluvium is arranged in the order of age from
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Colour of Felspar Porphyritic Colluvium
-olourDrillhole No. Depth I
yellowish brown, reddish brown2.0017
light reddish pink, dark brown4.00




light yellow, pink, light grey4.0027
light pink, light grey grey10.69
yellowish brown2.0013
light yellowish brown, light red8.00
light grey, light pink12.00
reddish brown2.O070






Source: H.K. Public Works Department (1979)
young to old, the colour will range from a light yellowish brown,
reddish brown, pink, to grey.
One may argue that the colour of the colluvial deposits may
be caused by weathering of soil profiles, but not due to the ages of
colluvium. In other words, the colluvium formed in the same period may
also have different colours, and it is therefore wrong to use colour as
an indicator to determine the relative age of colluvium. According to
this arguement, the colour of colluvial profiles should be similar if
the sampling points experience similar climate and have similar geology,
For example, D70 and D81 are drillholes near the seas of Tung Yip Hang
and Siu Ho War respectively, they have similar
aspect and the distance apart between them are short. The climatic
conditions are expected to be similar in these locations of drillholes.
The geological conditions are also expected to be similar because both
of them belong to felspar porphritic rocks. According to the above
arguement, these two sampling points should yield similar colour
profiles of colluvial materials. Table 6.1 shows that the first layer
at D70 is reddish brown in colour, while that at D81 is light yellowish
brown. This evidence suggest that the argument that the colour of
colluvium is caused by weathering but not by relative age may not be
accepted.
Using the above criteria, Figure 6.7 shows the distribution of
felspar porphyritic colluvium in different ages. The colluvium found ir
the recrion from Tai Ho Wan
( 大 錄 涛
to Siu Ho Wai
4
are
yellowish brown or reddish brown in colour, indicating that they are
relativelv vouncr in aqe. The colluvium from Siu Ho War
( 小 碌 戎
to Yam O Wan is mainly yellowish or reddish brown in colour
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Source: H.K. Public Works Department (1979)
with scattered grey parts, therefore, colluvium in this region is
expected to be older. The colluvium found near Penny's Bay and
northeastern part of Tai Po has layers in various colour such
as grey, pink, yellowish brown and reddish brown. Grey and pink
colluvium is more commonly found there, meaning that the colluvium found
in these places are oldest in age.
The area from south of Tai PO to east of Tung
Chung Road is covered by volcanic rocks. The weathered volcanic rocks
are different in colour from felspar porphyritic rocks. According to
Lai (1980), young volcanic colluvium, which is probably formed in the
period of Holocene, is yellowish brown in colour, the older one, which
is probably formed in the period of late Pleistocene, is orange red in
colour, and the oldest colluvium, which is probably formed in the period
of middle or early Pleistocene, is mottled red, yellow and white in
colour. However, colluvial materials are slightly different from them.
Table 6.2 shows the colours in various colluvial layer in different
drillholes. It can be seen that the colour of the youngest colluvium is
yellowish brown, which corresponds with Lai's findings. The second
youngest layer of colluvium is pink and reddish brown in colour, the
third youngest one is light yellow, and the oldest one is greyish brown
in colour. Figure 6.8 shows that the colluvium near Tung Chung Road and
the southwest of Sunset Peak is relatively old, and that in Ma Wan
Wong Nai Uk to Tai Po is younger.
Another main type of rocks in northern Lantau Island is
granite. Lai (1981) found that old granitic colluvial deposits were
mottled red, brown and white in colour, younger colluvial deposits were
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Colour of Volcanic Colluvium
Depth ColourI Drillhole No. I
127 2.00 light pinkish yellow
8.00 light greyish yellow, light pink
10.00 light pinkish purple
131 2.00 pinkish yellow
6.00 light yellow
148 4.00 light pinkish brown
light yellow, reddish brown
6.00 light reddish brown
7.80 light grey
145 5.60 light grey boulders
6.00 yellow reddish brown
8.00 purple light: grey
Source: H.K. Public Works Department (1979)
reddish brown to brown, and the youngest ones are yellow to yellowish
brown in colour. Lai's findings are mainly based on the data obtained
from the Mid-Level Report, but it can be generalized to be used in
northern Lantau. Table 6.3 shows the sequence of colour changes at
different points of drilling in the granitic area. The order of colours
arranged from young to old age is: yellowish brown, pink, red, dark
grey, and purple. This sequence is very similar to Lai's results in his
studies at the Mid-Level areas.
The area in the southern part of northeast Lantau, that is,
from Pa Tau Kwu Pak Wan to Penny's Ba ( 竹 笑 ： has
mostly yellowish brown colluvium (Figure 6.9), which is relativelv
young. The sampling points in Hung Fa Ngan show differenl
sequences of colouration, which seem to vary from the other ones
mentioned above. As shown in Table 6.4, the lowest colluvial layer in
D97 is pinkish yellow in colour, and is superimposed by a light
yellowish brown layer and a light grey layer; but in D101, the yellowis)
brown layer is superimposed by a light pinkish yellow layer. Moreover,
the reddish brown layer in D97 lies in between two alternative light
yellowish brown layers. This arrangement of the colour in colluvial
layers may imply that the colluvium in this area has been disturbed.
This is a reasonable explanation for the above evidence, because the
topography in this area is quite flat, and so the unconsolidated
colluvial materials can be carried away and redeposited in other places
during severe storms.
The colour of colluvium along the transect from D30, D33, D31
to D31 (Table 6.5) shows that the colluvium found at these sampling
points is different and may not be related to one another. As mentioned
84
Table 6.3
Colour of Granitic Colluvium
Drillhole No Depth Colour_
36 2.00 light yellowish brown
8.00 light yellowish brown, light pink
6.00 light brown, light pink
9.02 light pink, yellowish brown, light brown
94 4.00 light pinkish yellow
8.00 light red, yellowish brown
12.00
mottled light yellowish brown, light pink,
dark grey
95 2.00 reddish brown
6.00 yellowish brown, reddish brown
Source: H.K. Public Works Deartment (1979)
85













Colour of Colluvial Layer in Drillholes D97 and D101
ColourDepthAltitudeDrillhole NO




light yellowish brown, red12.00
light grey
14.00 light pinkish yellow
light pinkish yellow with2.00101 227.
mottled light grey
light red yellowish brown4.00
light yellowish brown8.00
light purple
Source: H.K. Public Works Department (1979)
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Table 6.5
Colour of Colluvial layer in Transect D30 to D31
I Drillhole No Altitude I Depth Colour
30 94.5 2.00 light reddish brown
33 44.5 2.00 yellowish brown
32 28.0 2.00 light yellowish brown
31 7.0 0.00
Source_ H_ K_ p„hl r• wrrlr c r-more f- n '7 n
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in section 6.2, the thickness of colluvium at these sampling points
do not follow the general pattern, that is, they do not vary with the
increase in altitude. This variation in colour further proves that





study are to generalize the characteristics of the colluvium in Hong
Kong, and to link them up with the processes through which it is formed.
Using the data measured from topographic maps as well as the maps
prepared from interpretation of aerial photos by Geotechnical Control
Office, it has been found out that most of the colluvium (about 57%) in
the study area is volcanic in nature, but the sedimentary and meta-
sedimentary rocks have a higher density, indicating that this kind of
rock has higher probability to yield colluvium.
Most of the colluvium in the study area is covered by
vegetation. With its gentle slope and a good vegetation cover, the
colluvium does not lend itself to severe erosion. However, the backwalls
of colluvium generally has landslip scars and show evidence of
instability. The erosion of backwall can reflect the forming process of
a colluvium. It has been found out that different kinds of colluvium
are different in slope angle, average height and size. Colluvium with
gentle slope, of large size, or located at low altitude usually has more
stable backwalls. This implies that colluvium formed by slightly
transported deposits often have the characteristics listed above.
It has also been found out that backwalls of volcanic
colluvium are less stable, indicating that this kind of colluvium is
probably formed by substantial or rapid transportation of debris. Those
of the sedimentary and meta sedimentary colluvium, though higher in
It has been stated in the first chapter that the aims of this
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density, are more stable, showing that this kind of colluvium is
probably formed by slight or slow movement of materials. Most of the
backwalls of intrusive igneous colluvium shows general erosion,
indicating that this kind of rock is less resistant to erosion. The
shape of colluvium is sensitive to the parameters such as average height
and relative height of colluvium only when its size is small. Furthermore,
it is noticed that colluvium has other important morphological preferences.
For instance, they tend to be more widespread in altitude below 100
meters at the foot of hillslopes.
The.external appearance of colluvium is affected by many
factors including topographical, geological, and climatic ones. It is
difficult to identify the effect of each factor separately. The above
findings are just generalizations of observations from colluvium in
different areas of Hong Kong, but these are the basic characteristics of
colluvium which are important for further research.
At the site of a colluvium, deposits in the upper slope are
usually thinner, while those in the lower slope are thicker. The
particle size of colluvium increases gradually down the slope. The
colour of the colluvium shows consistant sequential changes. The
difference of colours in these colluvial materials may be related with
different climatic stages, or different degree of weathering that the
parent materials have experienced. By using the superposition concept,
the relative age of each layer is determined. All the above findings
about the internal attributes reflect the history of the colluvium.
In addition, it is worthwhile to stress that this study is
just a basis for further research on colluvium, such as the
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chronological characteristics of each type of colluvium, the evolution
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